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Abstract

We propose to determine the proton electric form-factor Gp
E at high Q2 by measur-

ing the transverse asymmetry Ax in the 3 ~He(~e, e′p)d reaction. We present a double-
polarization approach distinct both from a cross-section measurement and recoil po-
larimetry. As the key instrument we propose to use the two-body breakup of polarized
3He acting as an effective polarized proton target.
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1 Introduction

The elastic form-factors probe the charge and magnetization distributions of the nucleon,
and provide stringent tests on models of nucleon structure. Until recently, data on the pro-
ton elastic form-factors came predominantly from cross-section measurements, applying the
Rosenbluth method to separate the electric (Gp

E ) and magnetic (Gp
M) from the elastic scattering

cross-section
dσ
dΩ

= σMott

1 + τ

[(
Gp

E

)2
+ τ

ε

(
Gp

M

)2
]

. (1)

Here σMott is the Mott cross-section for scattering of electrons from a point-like proton, ε =
(1 + 2(1 + τ) tan2(θe/2))−1

is polarization of the virtual photon, τ ≡ Q2/4M2
p , while Gp

E and

Gp
M are the Sachs form-factors of the proton. Because the electric term dominates the cross-

section at low Q2, and the magnetic term takes over at large Q2, it becomes increasingly
difficult to extract Gp

M at low Q2 and Gp
E at high Q2 [1]. A good global fit to the world data

from unpolarized measurements is obtained by using the traditional dipole form Gp
M(Q2) '

1/(1 + Q2/Λ2)2 with Λ2 = 0.71 (GeV/c)2, and with a constant ratio µpGp
E (Q2)/Gp

M(Q2) ' 1 for
all Q2.

More recently, recoil-polarimetry techniques [2, 3] have been utilized to extract the Gp
E /Gp

M ratio
by measuring the polarization components of the recoiling protons in the p(~e, e′~p) process.
The form-factor ratio is given by the ratio of the transverse and longitudinal polarization
components times the kinematic factors:

Gp
E

Gp
M

= −Pt

Pl

Ee + E′
e

2Mp
tan

θe

2
, (2)

and suffers from very different systematical uncertainties than the Rosenbluth technique. The
data show a linear fall-off which can be parameterized as

µpGp
E /Gp

M = 1 − 0.13 (Q2 − 0.04 (GeV/c)2) .

Figure 1 shows the results of these two approaches. It is clear that the data sets are in signif-
icant disagreement above Q2 ∼ 1 (GeV/c)2), which is the region where both techniques still
yield relatively high-precision results. Even with the latest “super-Rosenbluth” data [4], the
discrepancy seems to persist.

Fig. 1 — The µpGp
E /Gp

M ratio from cross-section measurements (empty symbols) and polarization
experiments (full symbols).
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2 Physics motivation

The discrepancy between the Rosenbluth and extractions of Gp
E /Gp

M involving polarization de-
grees of freedom indicates that at least one group of experiments, or one of the experimental
techniques, may involve a significant unaccounted for systematical error, or previously un-
known contributions to the cross-section.

The urgent need for a resolution of the apparent discrepancy has recently initiated a heated
discussion. One of the approaches [5] suggests that the disagreement can be explained by
the increasing importance of the two-photon exchange contribution at high Q2, becoming
relatively kinematically enhanced in the Rosenbluth method while remaining small for the
polarization method. However, other authors starting from the same postulate [6] have found
that the inclusion of the two-photon contribution only partly reconciles the two techniques.
However, one should note that numerous tests of the validity of the one-photon approximation
have been done in the past, mostly by checking the linearity of the Rosenbluth formula, and
by checking the charge invariance of the electro-magnetic interaction by comparing e−p to e+p
scattering. Starting from first principles such as the C-invariance and the crossing symmetry,
it has been shown in [7] that the presence of the two-photon mechanism destroys the linearity
of the Rosenbluth separation but does not affect the terms related to the electro-magnetic
form factors. Trying to best combine data from the Rosenbluth and polarization techniques,
and taking into account various assumptions, several global fits to the available Gp

E /Gp
M data

set have been performed [8]. We use some of these fits below.

The prime motivation of our proposal is to present a third approach which does not rely on
recoil polarimetry. As the key instrument we shall use the two-body breakup of polarized 3He
acting as an effective polarized proton target to measure double-polarization asymmetries
Ax and Az. The former will give access to Gp

E while the latter will utilize the relatively good
knowledge of Gp

M and serve as a polarimeter.

2.1 3 ~He as an effective polarized proton target

The 3He nucleus is a calculable nuclear system where our theoretical understanding of its
structure can be compared with data to an increasingly accurate degree [9]. It is generally
thought that polarized 3He can serve as an effective polarized neutron target [10, 11, 12].
Namely, non-relativistic Faddeev calculations [11, 13, 14] of the three-body bound state predict
that three components dominate the 3He ground-state wave-function. The dominant compo-
nent of the 3He wave function is the spatially symmetric S state, in which the proton spins
are in the spin-singlet state (anti-parallel) and the 3He spin is predominantly carried by the
neutron. This configuration accounts for ' 90 % of the spin-averaged wave-function. The ad-
ditional ' 8 % of the spin-averaged wave-function can be attributed to the D state generated
by the tensor component of the nucleon-nucleon force, while the remaining ' 2 % originate
in a mixed-symmetry configuration of the nucleons, the S′ state arising because of the differ-
ences between the T = 0 and T = 1 forces [14, 15]. In this physical picture, polarized 3He
represents an effective polarized neutron target. Numerous experiments based on this ideal-
ization have been performed with the goal of studying the spin structure of the neutron and
its form-factors. Moreover, there is an approved Hall A experiment [28] devoted entirely to the
exploration of the 3He system by studying the S′-state and D-state contributions to the 3He
ground-state wave-function.
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On the other hand, angular momenta of the deuteron and proton in a two-body breakup pro-
cess 3 ~He(~e, e′p)d couple to the total 3He spin of (1

2 , 1
2) like

∣∣∣ 1
2 , 1

2

〉
=

√
2
3

∣∣∣ 1, 1
〉

⊗
∣∣∣ 1

2 , −1
2

〉
−

√
1
3

∣∣∣ 1, 0
〉

⊗
∣∣∣ 1

2 , 1
2

〉
,

corresponding to an effective relative polarization of the proton of −1
3 . The situation is illus-

trated in Fig. 2. The double-polarization quasi-elastic asymmetries measured at small missing
momenta of the outgoing proton (pmiss Ü 100 MeV/c) then almost directly correspond to e-p
elastic asymmetries with a reduced proton polarization. With a typical value of P(3He) ∼ 35 %,
we end up with a net proton polarization of

Pp = P(3He) · (−1
3) ∼ −12 % .

Measuring the transverse and longitudinal asymmetries Ax and Az in the two-body breakup
process and their ratios therefore provide an independent means to access the Gp

E /Gp
M ratio

(see formalism below), with a systematics completely different from the recoil-polarization
measurements. However, by taking the ratios, the influence of uncertainties in the proton
polarization will be diminished by the same token as in the recoil-polarimetry experiments.

pp

n

Fig. 2 — The two-body breakup of the dominant (S-state) configuration of the 3He ground-state wave-
function renders polarized 3He an effective polarized proton target with ∼ −1/3 polarization.

The proposed experiment requires two major conditions to be met: one needs high-resolution
spectrometers so that two-body breakup events can be cleanly separated from the three-body
breakup; and one needs high luminosities so that the counting rates are feasible in the 2.0 Ü
Q2 Ü 3.5 (GeV/c)2 range since the effective target polarization ∼ 12 %. Focusing on regions of
small pmiss, these demands make Hall A and its high-pressure polarized 3He target the best
choice.

2.2 Relation to other JLab experiments

There is a related proposal being submitted to this PAC by the Hall C Collaboration to mea-
sure the Gp

E /Gp
M ratio via double-polarized, single-arm ~p(~e, e′) scattering at Q2 of 2.1 and

3.5 (GeV/c)2, by using the polarized NH3 target. Their experiment proposes to access the
form-factor ratio from a particular combination of transverse and longitudinal asymmetries
(i.e. involving polar spin angles differing from 0◦ and 90◦) which minimizes the extraction un-
certainty. It presents a methodical improvement over an older (deferred) proposal PR–01–105
[29], although it is based essentially on the same technique.

Our proposed technique possesses a comparable figure-of-merit (roughly 1/10 of the target
polarization with respect to the NH3 target and roughly 100-times the usable beam current),
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and at the same time an excellent control over instrumental systematics. We believe that the
two independent double-polarization techniques utilized in the two Halls are commensurate
and would provide a better control over the ambiguities of the form-factor Q2-dependence.

3 Formalism of ~e-~p elastic scattering

The elastic form-factors of the proton can be determined by measuring the asymmetries in the
scattering of longitudinally polarized electrons off a polarized proton target. The schematic
view of spin-dependent elastic scattering is shown in Fig. 3.

e   
   

h=±1

e'

q

θ∗

φ∗
Proton

Polarization

z

Fig. 3 — Schematic representation of the spin-dependent electron-proton elastic scattering.

The differential cross-section can be written in the form [16]

dσ
dΩ

= Σ + h∆ .

The Σ is the spin-independent part given by Eq. 1 The spin-dependent part ∆ depends on the
electron helicity h and has the form

∆ ≡ −σMott

[
2τvT′ cos θ?

(
Gp

M

)2
− 2

√
2τ(1 + τ)vTL′ sin θ? cos φ?Gp

E Gp
M

]
,

where θ? and φ? are the polar and azimuthal proton spin orientation angles defined with
respect to the three-momentum transfer q and the scattering plane, while vT′ and vTL′ are
kinematic factors [16].

The spin-dependent asymmetry A is defined as

A ≡ σ(h+) − σ(h−)
σ(h+) + σ(h−)

, (3)

where σ(h±) denotes the differential cross-sections for the ± helicities of the polarized elec-
tron beam. The asymmetry A can be written in the form

A ≡ ∆
Σ

= −
2τvT′ cos θ?

(
Gp

M

)2
− 2

√
2τ(1 + τ)vTL′ sin θ? cos φ?Gp

E Gp
M

(1 + τ)vL

(
Gp

E

)2
+ 2τvT

(
Gp

M

)2 . (4)

The measured asymmetry Aexp is related to the physical asymmetry A through Aexp = PePtA,
where Pe and Pt are the degrees of polarization of the beam and target, respectively. We define

Ax ≡ A(θ? = 90◦, φ? = 0◦) ,
Az ≡ A(θ? = 0◦) .
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4 Choice of kinematics

The choice of the beam energy is driven by a statistics trade-off: increasing Ebeam yields larger
rates, yet diminishes the size of the asymmetries (see Fig. 4). In addition, Ebeam in princi-
ple needs to be kept low enough to maintain a sufficient missing-mass resolution and hence
guarantee a good separation of two- and three-body breakup. On the other hand, this has a
detrimental effect on the counting rates.

Fig. 4 — Asymmetries Ax and Az as functions of Q2 for different beam energies, with the parameteri-
zation of elastic form-factors based on the FPP results of Hall A. For a fixed Q2, asymmetries decrease
with increasing beam energy because the corresponding elastic scattering angles decrease.

For reasons listed below, we propose to measure the production kinematics at high Q2 with
the highest presently available beam energy of Ebeam = 5600 MeV, while the calibration mea-
surements will be performed at Ebeam = 2400 MeV. The kinematics are listed in Table 1.

Table 1 — Proposed central kinematics for production running at high Q2 at the beam energy of
5600 MeV. The additional setting at low Q2 and a part of the setting at high Q2 are needed to control
systematics by polarimetry (determining the product of target and beam polarizations).

Ebeam [MeV] Q2 [(GeV/c)2] E′
e [MeV] θe [◦] pp [MeV/c] θp [◦] [MeV/c]

2400 0.3 2240.0 13.6 570 67.1
5600 3.0 4001.2 21.1 2356 37.6

Since the results of our proposed experiment can be to some extent considered complementary
to the proposed Hall C experiment, we strive to a joint lever-arm in Q2 adequate to maximize
the information on the Q2-dependence of the asymmetries. One of the reasons for the choice
of the high Q2 is therefore to lie roughly symmetrically between the 2.1 and 3.5 (GeV/c)2 data
points of the Hall C proposal. The exact mid-point of 2.8 (GeV/c)2 or a further increase in Ebeam

to match the one from Hall C could not be achieved due to the maximum momentum limitation
of the HRS to ∼ 4 GeV/c. Note also that with a limitation to reasonable beam-times in the
vicinity of ∼ 400 h for Ax at high Q2, a further increase of Q2 is not feasible as the increasing
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spread of the asymmetries due to different form-factor parameterizations is matched by the
decrease in counting rate and the corresponding increase of statistical uncertainties.

A clean isolation of the two-body breakup is crucial for a good interpretability of our ex-
periment. Figure 5 shows the missing-energy distribution of the state-of-the-art unpolarized
3He(e, e′p) data taken in Hall A at Ebeam = 4800 MeV and pmiss = 0 [30]. Note that in the
sense of the Emiss resolution, this Figure shows their worst kinematics. However, due to the
high resolution of the HRS spectrometers, the two- and three-body contributions can be clearly
separated even in such an unfavorable kinematical situation (large Ebeam and E′

e which worsen
the Emiss resolution), and are well under control in the Monte Carlo. In general, the three-body
contribution remains small and is spread out in the Emiss spectrum beyond Emiss ' 7 MeV.

Kinematics 1Kinematics 1Kinematics 1Kinematics 1
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Fig. 5 — Missing-energy distribution of the 3He(e, e′p) data taken at Ebeam = 4800 MeV and pmiss = 0
[30]. The kinematics were E′

e = 3966 MeV, θe = 16.4◦ (corresponding to Q2 = 1.55 (GeV/c)2), pp =
1500 MeV/c, and θp = 48.3◦. In terms of contributions of E′

e and pp to the Emiss resolution, these
kinematics are comparable to our high-Q2 setting.

The protons will be detected in parallel kinematics. In the Monte-Carlo simulation, this has
been enforced by limiting the parallel and perpendicular acceptance in |pmiss| below 100 MeV/c,
while the two-body breakup has been selected by a Emiss < 7 MeV cut. We anticipate that more
accurate calculations by J.-M. Laget on the quality of the former approximation will be per-
formed in the near future.

Apart from the small dilution of the asymmetries through its Emiss-strength, the three-body
contribution entails an important problem of the modification of the proton polarization. Un-
fortunately, the three-body contribution to the polarization is to some extent model-dependent
(choice of NN-potential), and also varies rapidly with pmiss. However, there are indications
[31, 32] that this contribution is either consistent with zero (causing only rate and asymmetry
dilutions) or small but positive (causing distortions of the two-body asymmetries). We propose
to subtract the theoretical three-body contribution from the measured total asymmetries. We
believe that a correction with a few-percent model uncertainty on top of a few-percent three-
body contamination will be negligible. With the use of modern NN-potentials (e.g. Paris) this
approach should be sufficiently accurate and precise at |pmiss| Ü 100 MeV/c.
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In the following, we discuss the transverse and longitudinal asymmetries as functions of
Q2, for different parameterizations of proton elastic form-factors. Five parameterizations
of the form-factors are shown in the figures: the traditional dipole form; the Mergell-Meißner-
Drechsel fit [17]; two global fits based on the existing Rosenbluth and polarization data [2, 3,
18], and the fit based solely on the recent Hall A polarization data [2, 3, 19]. These fits are
equivalent at small Q2 but deviate significantly when Q2 increases.

Figure 6 shows the transverse (left panel) and the longitudinal (right panel) asymmetry as a
function of Q2. The Az is almost insensitive to the parameterization chosen and hence serves
as a good “polarimeter”. Since the Gp

M (related to Az) is well-known relative to Gp
E , we will

take only limited statistics for Az at each Q2. The longitudinal asymmetries will provide an
additional control of systematics by determining the product of target and beam polarizations.

On the other hand, the dominant part of the statistics will be spent on the high-Q2 value of Ax ,
with an additional small amount of beam-time at low Q2. The Ax asymmetry exhibits a strong
sensitivity to differentiate between different form-factor parameterizations, and is the key ob-
servable in our experiment. In the figures below, we also show the two proposed Hall C high-Q2

data points. Since these data are to be taken at a slightly higher beam energy (6000 MeV), the
asymmetries are slightly diminished. However, in the form-factor ratio of the Hall C proposal
and the asymmetry ratio of our proposal (see Fig. 7 below), the Q2-dependencies represent
equivalent observables. Note that in the figures below, the asymmetries at low Q2 are mea-
sured at a lower beam energy (see Table 1). Since the form-factors only depend on Q2 (and not
on Ebeam), the asymmetries have been rescaled to the higher beam energy to be shown on the
same plot.

Fig. 6 — Transverse asymmetry Ax(θ? = 90◦, φ? = 0◦) (left panel) and the longitudinal asymmetry
Az(θ? = 0◦) as a function of Q2, for different parameterizations of proton elastic form-factors (see
text for details). Statistical and total uncertainties are shown for Ax and Az. Only the systematical
errors due to uncertainties in target and beam polarizations are included for Az.

At low pmiss, the quasi-elastic process on the proton in the 3 ~He(~e, e′p)d reaction can be al-
most completely understood in terms of the elastic e-p scattering. Hence, the ratio of the
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asymmetries Ax/Az can be combined in a form resembling Eq. 2,

Gp
E

Gp
M

= 1
µp

Ax

Az
fAG ≡ Ax

Az

√
τ + τ(1 + τ) tan2 (θe/2) . (5)

The corresponding ratio in our experiment is shown in Fig. 7. The obvious advantage of this
approach is that the knowledge of the exact proton polarization within 3 ~He is not needed as
it cancels in the ratio (5). With a good theoretical knowledge of Az via Gp

M, and controlled by
using polarimetry, Ax will be used to determine the unknown Gp

E .

Fig. 7 — The scaled ratio µp(Ax/Az)(τ + τ(1 + τ) tan2 (θe/2))1/2 corresponding to µpGp
E /Gp

M as a
function of Q2, for different parameterizations of proton elastic form-factors. Since our experiment
is statistics-dominated, the proposed point at Q2 = 3.0 (GeV/c)2 is shown with statistical error only.
The two proposed Hall C data points are shown with statistical and total errors.

5 Experimental equipment and methods

We plan to use a beam energy of 5.6 GeV. We will use the standard high-pressure polarized
3He target in Hall A and polarized beam. The scattered electrons will be detected in one of the
HRS in coincidence with the knocked-out protons detected in the other HRS.

5.1 Choice of the polarized target

While an isotopically pure high-density polarized hydrogen target does not exist, only a hand-
ful of conventional alternatives are available: low-intensity gaseous targets based on atomic
beam sources (e.g. in BLAST at MIT-Bates); ammonia (NH3) targets; and frozen-spin (HD) tar-
gets. Each has drawbacks and advantages of its own. Yet the ability to freely rotate the target
spin angle, the demand for a precise knowledge of the target polarization, and the large-
luminosity requirement of our experiment dictates the use of the polarized 3He target.
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The NH3 target is based on the mechanism of dynamical nuclear polarization. The target
material is doped, with paramagnetic centers (unpaired electrons) which are nearly 100 % po-
larized at temperatures around 1 K and magnetic field densities around 5 T. By irradiation of
the target material with microwaves (typically at 140 GHz), most of the electron polarization
is transferred to the protons in the material. Protons can be polarized of almost 100 % in this
target. However, the large magnetic fields may mis-steer the beam and affect the optics of out-
going particles. In addition, the asymmetries obtainable from NH3 are diluted by unpolarized
target materials, and the maximum attainable luminosity on the order of 1035/cm2s are lim-
ited by the maximum beam current of ∼ 100 nA. Most importantly, the polarization axis can
be oriented in a less flexible way and reversed less infrequently, thereby possibly increasing
the systematical uncertainty.

We believe that the best choice of the polarized target is the polarized 3He acting as an effective
p-d system similar in nature to the HD frozen-spin target. The main advantage of former is
that it is a pure, high-pressure (10 bar) gaseous target which can sustain high beam currents
(up to 15 µA), resulting in a high maximum luminosity of 8 · 1035/cm2s. The effective net
proton polarization is ∼ 12 %, which is sufficiently high for the proposed experiment.

5.2 Polarized 3He target

For the reasons enumerated above, we will use the high-pressure polarized 3He target which
uses optically pumped Rubidium vapor to polarize the 3He nuclei through spin-exchange col-
lisions [20, 21]. It has been successfully used in a series of experiments in Hall A, E–94–010
[22], E–95–001 [23], E–97–103 [24], E–99–117 [25], and, most recently, in E–97–110 [26].

Optical pumping will be achieved with multiple diode lasers with a power of 30 W each, at a
tunable wave-length around 795 nm. The target density will be about 2.7 · 1020/cm3 corre-
sponding to a pressure of about 10 bar during normal operation. The target window thick-
nesses are known from mechanical and optical measurements with uncertainties better than
1.0 %, which is important for a proper understanding of radiative energy losses. The back-
ground from the nitrogen admixture will be measured by using an equivalent dummy target,
and subtracted. In previous experiments, this contribution was found to be relatively small
(on the order of a few percent).

The proposed experiment requires a flexible alignment of the target polarization vector par-
allel to (for the Az asymmetry) or perpendicular to (for the Ax asymmetry) the direction of
momentum transfer. Two pairs of Helmholtz coils provide the necessary quantization axis by
supplying a variable static holding field of about 2 − 4 mT which can be rotated in the horizon-
tal plane. The careful alignment of the coils assures that the polarization relaxation caused by
the ∼ 1/B2 field inhomogeneities is minimized.

The target polarization Pt will be monitored with a nuclear magnetic resonance (NMR) system
using the method of adiabatic fast passage (AFP). For the past experiments, the response of the
NMR system for 3He has been calibrated with the NMR measurements on water. The calibration
was independently verified by measurements of the frequency shifts in the lines of electron
paramagnetic resonance (EPR) spectra caused by polarized 3He nuclei [27]. The calibration
constants from these independent determinations are well known, and are consistent to within
2 %. The expected total uncertainty from the direct polarization measurements is expected to
be smaller than 4 % and will be dominated by the uncertainties in the target density.
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Based on the experience of previous experiments, target polarizations of 35 − 40 % can be
achieved for beam currents not exceeding 10−15 µA. We assume a realistic target polarization
of 40 % and a beam current of 12 µA at 75 % polarization. The designed maximum luminosity of
8 · 1035/cm2s is computed for the 40-cm target cell. However, only a fraction of the extended
target acceptance in ztg is visible to the HRS. In our rate calculations, a shorter target cell
length of 25 cm has been used, and the positioning of the HRS at non-90◦ angles has been
accounted for using MCEEP.

5.3 High-Resolution Spectrometers

One of the HRS will be used to detect the electrons scattered from the 3 ~He(~e, e′p)d reaction.
The angular resolution is ' 0.6 mr in the non-dispersive plane and ' 2.0 mr in the dispersive
plane. The momentum acceptance is ±4.5 %, and the angular acceptance is ±60 mr in the
dispersive plane and ±22 mr in the non-dispersive plane. The other HRS will be used to detect
the ejected protons.

6 Counting rates and beam-time request

Figure 8 shows the elastic cross-sections for different beam energies and for different pa-
rameterizations of proton elastic form-factors. As all parameterizations give almost identical
cross-sections in the Q2-range of this proposal, the choice of the particular form is of little
importance in rate estimates. The Hall A FPP fit has been used in the Monte Carlo.

Fig. 8 — Elastic e-p cross-section as a function of Q2 for different beam energies Ebeam = 2400, 3200,
4000, 4800, and 5600 MeV, for different parameterizations of proton elastic form-factors (see text for
details).
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Table 2 — Estimated coincident rates for the proposed production kinematics at Ebeam = 5600 MeV
and auxiliary (polarimetry) kinematics at Ebeam = 2400 MeV.

Ebeam Q2 θe θp (ep)
[MeV] [(GeV/c)2] [◦] [◦] [Hz]

2400 0.3 13.6 67.1 32.2
5600 3.0 21.1 37.6 0.312

Table 3 — The coincidence rates, absolute statistical uncertainties on the asymmetries Ax , absolute
systematics uncertainties on Az (only due to beam and target polarization), the relative uncertainty of
the form-factor ratio, and the beam-time request.

Q2 (e, e′p) [Hz] Ax ± ∆Ax Az ± ∆Az ∆(Gp
E /Gp

M) Time [h]

0.3 32.2 −0.051 ± 0.001 −0.042 ± 0.003 n/a 25 + 25

3.0 0.312 −0.102 ± 0.015 −0.439 ± 0.030 15 % 400 + 100

NMR, EPR 8

Møller 8

Ee 4

Total 570

6.1 Systematical uncertainties

The statistical uncertainties dominate in the proposed experiment. The systematic errors are
mainly caused by the uncertainties in the polarization of the beam (Ü 2 %) and the target
(Ü 4 %). The experimental polarimetry measured through Az will be cross-checked with the
theoretical parameterization of Gp

M. The systematical errors originating in theoretical uncer-
tainties due to the three-body distortion of the asymmetries were assumed to be negligible for
the purposes of this Letter.

7 Conclusions

We believe that the nucleon electric form-factor Gp
E at high Q2 can be determined by measur-

ing the transverse double-polarization asymmetry Ax in the 3 ~He(~e, e′p)d reaction, combined
with the theoretical knowledge of the longitudinal asymmetry Az which is well-known via Gp

M.
This approach does not suffer from the systematical uncertainties attributed to cross-section
measurements, and does not depend on recoil polarimetry. Combined with the possible forth-
coming data from the NH3 experiment in Hall C we see this experiment as a complementary
yet independent tool to investigate the persistent discrepancies among different extractions
of the form-factor Q2-dependence.
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